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THE EFFECT OF CARBURETOR-ATR TEMPERATURE ON THE COOLING
CHARACTERISTICS OF A TYPICAL AIR-COOLED ENGINE CYLINDER

By Joseph Neusteln, Williem H. Sens
and Howard A. Buckner, Jr.

SUMMARY

An investigation was oconducted to determine the effect of
carburetor dry-air temperature on the cooling characteristiocs of a
typical full-scale air-cooled engine cylinder mounted on a single-
cylinder crankcase, The variable carburetor-alr temperature tests,
conducted at constant charge-alr weight flow and constant cooling-
elir pressure drop, covered carburetor-alr temperatures from 100° to
310° F at fuel-alr ratios of 0.08 and 0.10. The NACA cooling cor-
relation method was used as the basis for analysis. The effect of
carburetor-alr temperature on the cooling characteristics 1s shown
by the variation of mean effective gas temperature with carburetor
dry-air temperature.

It wvas found that for the fuel-air ratios investigated the
mean effective gas temperature varied about 1/2° F for the oylinder
head and about 1/4° F for the cylinder barrel with each 1° F varia-
tion in carburetor dry-asir temperature, The results obtained are
believed to indicate a trend but the exact values are probably not
applicable to other than the cylinder used for these tests.

The observed variation in oylinder coollng due to the carbu-
retor dry-alr temperature was appllied to the full-scele englne,
and curves are presented for determining the mean effective grs
temperature of the cylinder head for glven values of fuel~-air ratio,
engine speed, and carburetor Inlet-alr temperature. Curves are also
prosented to show the change in head temperature resulting from a
change 1n mean effective gas temperature.
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TRTRODUCTION
The alr cooling of a fimmed cylinder oomsists in a balance of
two processes: (1) the transfer of heat from the combustion gases
to the external cylinder wall and (2) the transfer of heat from the
finned surfaces to the cooling air, The internal and the external
cooling processes are analyzed In reference 1 and a method is

developed for relating the average cylinder temperatures to the
englne varilables and the cooling-alr conditioms.

The instantansous combustion-gas temperature, upon which the
internal heat-transfer process depends, varies throughout the engine
cycle and because of the complexlity of the varlation a mean "effec-
tive" gas temperature was used instead of the true mean cambustion-
@as temperature to establish the general cooling relation of refer-
ence 1. The mean effective gas temperature for a given engine has
been showr to depornd primerily on the fuel-alr ratio; to depend
somewhat less on the carburetor-alr temperature, the exhaust mani-
fold pressure, and tho spark timing; and to be Iindependent of the
engine speed. Although the absolute value of the mean effoctive gas
temperature is difficult to determine with any degree of accuracy,
the variations from a given valuo caused by the fuel-alr ratlo,
carburetor-alr temporature, exhaust-manifold pressure, and spark-
timing may be determined quite accurately and are of great impor-
tance 1in proper Interpretation of cooling data,

The variation of the moen offective gas temperaturo with fuol-
air ratio bas boen adoptod as a portion of tho standard cooling test
and has boen thoroughly investlgeted for both singlo-cylinder and
multicylinder engines. The effect of spark timing (roferonces 1
end 2) appoars to be emall witlin the operating range of spark set-
tings. Reference 2 also shows the effect of exhauvst-manifold pres-
sure to be sligat, Available data, although meager, indicate that
the mean effective gas temperature appreciably increases with an -
increase in carburetor-alr temperature (references 1, 2, and 3), but
the rate of increase appears to vary between cylinders of different
design., At present the practice 1s to assume tkhat the mean effective
ges temperature for the cylinder head varles 0,8° F for each 1° F
change in carburetor-alr temperature for all cylinders.

The present investigation was conducted at the Langley Fleld
laboratory of the NACA orn a typical air-cooled cylinder mounted on
a single-cylinder crankcase to determins further the effect of
carburetor-air temperature on mean effective ges temperature, The
test rosults are presented in a form convenient for use 1n
multicylinder-engine work,
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APPARATUSB

Test equimment. - A Ffront-row ¢ylinder fram -a widely used
odnventional air-coocled 18-oylinder radlal engine was mounted on a
single~cylinder crankcase as shown 1n figure 1. The oylinder come
pression retio was 6.7, the spark setting was 20° B.T.C., apd the
valve timing was as followa:

Valve Opens Closes
Intake g9 B,T.C. 62° A,B.C.
Exhaust 80° B.B.C. 18° a,7.C.

An electric dynemometer and a water brake were used for power
absorption.

Cooling air was supplied to ths cylinder by a centrifugal blower.
The cylinder baffles used were not standard but were designed to main-
taln a constant free-flow area along each of the interfin air pas-
sages. (See reference 4.) The beffle changes should have a negli-
glble effect on the test resulis because a change 1n external cooling
should not substantlally affect the internal-cooling processes,

Charge alr was provided at the deslired manifold pressure by an
auxlliary blower; for the tests at varylng carburetor-alr temperature
the charge alr was maintained within +20 F of the desired value by an
eutomatically controlled electric heater, The carburetor consisted
of an inJection nozzle located in a venturl section and was connected
to the cylinder-intake port by a short converging elbow,.

Measuring devices. - The charge-alr weight flow was measured by
a thin-plete orifice located in a stralght section of pipe upstream
of the heater. The pressure drop across the orifice was indicated
by a water manameter and an iron-constantan thermocouple was used
to meaguie the air temperatuwre at the orifice, The carburetor-alr
temperature was obteined by means of an unshlelded jiron-constantan
thermocouple located in the center of the carburstor-alr duect above
the carburetor. An automatic weighing stand meaasured the fuel flow
ani the fusl-alr ratio was calculated from the meessured fuel and
charge-alr weight flows. Engine speed and torque were obtalned with
standard test equipment.

The cylinder temperatures were meassured by iron-constantan
thormocouples peened into tho outer well at the positions shown in
flgure 2. Thoe temperature of the rear spark-plug gasket was measured
by a gasket-type thermocouple, All iron~constantan thermocouples
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were used in conJunction with e potenticmster end the cold Junctions
were located 1n an 1nsulated box, the temperature of which wes mea~
sured by an alcohol-lin-glass thermometer,

The cooling-alr pressure drop, including the baffle-exlt loss,
e meastred as the pressure difference between the atmosphere and
a static-pressure ring located in the large duct akead of the cyl-

indew,

The cooling-alr tompereture vms measured by thermocouples

Llocated upstrean and downstreem of the cylinder,

METHODS AND TESTS

In order to determine the effect of a particular variable on
the mean effective ges tempeirature, 1t was first neceseary to
establish by tests the cooling relation for the test cylinder.

Cooling teste. - The procedure followed for esteblishing the

relation of the cylinder temperature to the cooling air and the
englne operating conditlons was the same as that outlined in refer-

ence S5,

test conditions were as follows:

The cooling-air flow and the charge-eir weight flow were
separately varied for tkhe tests at a cornstant fuel-alr ratlo.

The

Ingine| Charge-alr |Fuel-alr |Carburetor |Cooling-air
speed | welght flow|ratio dry-air Ppressure drop
(rpm) | (1b/min) temperature!| (in. water)
(°F)
2100 6,25 0.08 80~-96 2.5~27.5
2100 | 4.0-10.8 .08 £9~93 15

The cooling relations (fig. 3) derived from the present data
are for the Lead =nd barrel, respectivaly:

T T - Q.535
hooa_q,77 —C (1)
T -T c.Z2
)
a h 0357 Lp)
0.8637
T o y
“h a c .
T = 32,669 .20 (2)
21 (Oav AP) :
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h average cylinder-head temperature, p

b averege oylinder-barrel temperature, °F

T,  cooling-air tempereture upstream of oylinder, °F
Tg  mean effective gas temperature , °F

W, charge-air weight flow, pounds per second.

Cgy Tatlo of average cooling-alr density to NACA dtandard sea-
level demsity, p/p,

Ap cooling~-air pressure drop across cylinder, inches of water

Excellent consistency between the test data and equations (1)
and (2) are shown in figure 3., These equetions vary scmewhat from
thope determined in previous imvestigations with similar cylinders.
(See references 5 and 6.) This variation can be attributed in part
to the differences in baffle arrengements and Instrumentation,

The etfect of fuel-air ratlo on the mean effective gas temper-
atwre was deteimined at the followlng conditions:

IEngine |Charge-air |Fuel-alr ratlof Carburetor | Cooling-air

gpeed |[welght flow dry-alr pressure drop

(rma) | (1b/min) temperature| (1n. water)
(°r)

2100 Varied 0.062-0.105 100 15

2100 6.28 .062~ .105 100 15

2100 8.73 .063= ,097 100 15

The values of T, for the cylirder head and barrel were cal-
culated from equations (1) and (2) and the variations with fuel-
air ratio are shown in figure 4 for a carburetor dry-alr tempera-
ture of 100° F.

Carburetor-air-temperature tests. - The effect of carburetor-
alr temperaturs on mean effective gas temperature was determinsd
fram tests conducted at the following canditlons:
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Ingine {Charge~air {Fuel-eir | Carburetor |Cooling-air
speed |welght flow|ratlo dry-air pressure drop
(rpm) | (1b/min) temperature| (in. water)
°r)
2160 6.4 0.080 102-309 15
2100 | 8.7 .100 l02-311 15

The chargo-elr welght flow and ths cooling-air pressurs drop
wore Leld conatant in order tuet the effects of varlables other
than carburetor-alr temperature would be elimlnated. The exhaugt-
manifold pressure wes constent for all tests. The carburetor-air-
terperature tests were run at two fuel-alr ratios to determine
whether a change in Sfuwel-air ratlo would affect the variation of
rieen effective gas temperature wlth cerburetor dry-air temperature.
The values of T, were calculsted Fram equations (1) and (2).

RESULTS ARD DISCUSSION

‘Effect of carburetor-a’r teumerature on mean effective gas
torreratiare, - The variatlor of moan effechive gas texperature
T, with carburetor dry-alr tempsrature Te 1e shown in figure S
for the head and the barrel et fuel-alr ratlos of 0.08 and 0.10,

The values of Tg vary linearly with T, and the slopes of the

“c

cwrves, 0,56 for the head and-0.24 for the barrel, are the same for
both fuel-air ratios. The veriation of T, witah T, is apparently
indeperdent of the fuel-elr ratio in tias rich rangs. For this cyl-
inder e rise of 19 F in the carburetor dry-eir temperature results
in a rise of 0.56° F in the head mean offective gas temperaturc and
0.24° F in tle barrel mean offoctive gas temperature.

The results of roferences 1; 2, end 3 indicate that’ the rela-
tlon vetween T5 and T, varies for different cylinder designs.
The relation betvween T, and T; derived in this report thorefore
applive only to the cylinder design tested.

Effect of baslng tho cooling oguation on & single critical tem-
Era‘b . = The foregoing variation of Tg " for the cylindor heeu
with T, was obtained from tho cooling equatlon vasod on the aver-
age head termporature. Cooling cerrelatlorns for multicylindor engines,

howevor, are often based on the use of a singlo critical tamporature
moasurement on each hoed, which muy bo eithor more or leoss soensitivo
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%0 a particular varilable than the average hoad temperature. It is
therefore necessary to determins tkhe comditions under which the
relation between the mean effective gas temperature and the carbu-

----- - retor drr-alr temperature 1s indeperndemt of- the single criticel
temperature used as the basls of the correlation equation and to
show firther that these requirements are satisfied by eny of the
external cylinder-head temperatures for the conditions of the pres-
ent tests,

These condltions can be determined in the following manners
For eny external head temperature Ty tho linear rslation

(T, - T,) =2 +b (Ty - T,)

is generally true, The foregoing equation can be rewritten as
T - T
1 - a =b _]?__53 (3)

wvhere a and b are consgtants,

By use of equations (1) and (3) it may be shown that the ratlo
R of the changes in mean effective gas temperature with carburetor-
alr temperature based on the individual external head temperature
and on the average hoad temperature is given by

BT%{a’Tc /- Tal_\\ /ng - T,

aT a-| = R =D {I’ﬂ m «m T (4)
g/ Tn \\\.Lx- J.a./\.LS- a
where EI:'gx is tho mean effective gns temperature based on Ty in oF,
Tgx - Ty

Because the ratio

will always be very nearly equal to
Ts - Tg

unity, egquation (4) can be closely approximated by

R=b(T1‘-'TEB (5)
-7

Jx = T

From equations (3) and (5) it follows thet, when the intercept a
equals zero, the ratio R eguals unity. ‘Under this condition the

o
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relation between the mean effective gas temperature and the tarbu-
retor drr-alr temperalure determined by using the average head
temperature wlll apply to a correlatlon based on a single critilcal
temperature.

For ell the operating variables covered by the present testis,
the temperature of the rear spark-plug gasket satisfled equation (3)
and the intercept a was zero. (See fig. 6.) It is possible,
however, that the Intercept a may not be gero for varlables other
than those investligated In these tests., In order to substantiate
the foregoling analysls, the cooling-correlation equation based on
the temperature of the rear spark-plug gasket was established, and
the variatlon of mean effectlve gas temperature with carburetor
dry-air temperature was investigated. The results (fig. 7) exhibit
the same relatlorn that was previously obtained using the average
head temperature; thus the analysls 1s shown to be valid.

A number of external cylindexr-hcad temperatures were investl.
gated and were found to satisfy equation (3). The valueas of the
intercepts were such thait the max!mm variation of the slope of the
curvea of Tg against carburetor-air tomperature from tke value
glven by figure 5 was 20.05. It may be concludod thurefore that
wlth sufficlent accuracy tho relation betwoen Tg and T, 1s

irdependent of the extermal cylindor-head tomperature usoed as the
basis for the correlation equation.

APPLICATION OF RESULTS

The results of tho prcsent tests are of practical Interest
only in their application to multicylindor onginea., Bocause the
true d=y inlst-marifold tomporature is difficuls to moasure in a
mul%icylindc: engino ard is indefinito because of the evaporatlon
of an unknown amount of fuel, the effectlve dry manifold tempora-
tuwe t,; wos adoptcd as the criterion of the cylindor inlet-eir
tomporature. (See reforence 5.) The offectivo dry manifold tem-
porature, which corrcsponds to the carburctor dry-air temporetu:o
moasured in the singlo-cylindor tests, is defincd as tho sum of
the carburetor inlet-air tomporature and the tomperaturc rilse
through the englne suporciargoer, neglocting tho cffect of fuol
vaporization. The offoctivo dry manifold tomporature (rofor-
onco 5) may bo exprossod as

Uz

chJ

ty = tg + (s)
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where

ty effectlive dry manifold temperature, °F

t, ocarburetor inlet-air temperature, °r
U impeller tip speed, feet per second
g acceleraticn of gravity, feet per second per secomd (32,2)

Cp specific heat of alr at constant pressure, Btu per pound
per SF (0.24)

J  mechanical equivalent of heat, foot-pounds per Btu (778)

The term p is a close epproximation to the theoretically
8%

correct expression for the dry-slr temperature rise through the

engine supercharger (reference 7) and 1s generally considered

sufficlently accurate for cooling-correlation work,

By use of the results of the present tests, the change in mean
effective gne temperature of the cylinder head due to a change in
t, from 0° F can be expressed &s

ATg, = 0.56 tp (7)
and for the barrel
ATgo = 0.24 t, (8)

where- ATSo 1s the increment 1n mean effective gas temperature
resulting from a change in the effective dry manifold temperature
from 0° F to t,. When equations (6) and (7) are combined and the

impeller tip speed 1s expressed in terms of the engine speed, the
impeller radius, and the lmpeller-gear ratio, the following rela-
tion for the increment in the head mean effective gas temperature
1s obtalned:

r'd 2_
AT . = 0.58 rt + 0.01266 (SN 9
& | "o (1000 (®)
| ..
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and for the barrel

r /mm\E‘
BT, = 0.24 itc + 0.01266( iaag) (10)

L

wWrere

G Inpeller-gear ratlo

T impeller radius, inches
N en;ine speed, rpm

In order to facllitate the use of equations (9) and (10) the
curves of Tlgurs 4 were corrected to a carburetor dry-alr tempera-
ture of 0° F by means of the Lead and barrel corrections found in
the present tegts., These corrected curves are presented in flg-
ure £, 4 graphical solutlon for AT developed from aquation (9)

for tho cylinder hisad 1s given in figure 9, If tho Impeller radius
enéd the Ilmneller-;ear “atio are lknown, the value of L\.TGO can be

fornd for any opexating corhizaiion of engline speed and carburetcr
inlet-alr temmecratire,

The use of the curves is illustrated by the following axampie,
in viicxz .C.Tgo vas determlined wien Gr = 41.8 1nches (value at low

blower for the full-scale engsine), K = 2000 rpm, and t, = 100° F,

T-e Intersoction ¢f Gr and N is located 2t A. The Intersection
of the lino parallel to relercnce line GH with +t, is at B. The

horizontal line at B 1l~catos Cj; ATSO 1s read as 105° F. The
value of A'.'Jgo obtained from figure 9 ls added to tho valus of

Té’d cbtaired fram figure 8 to glve the value of TG'

The change in head termperature resulting from a change in the
hoad moen effective gas temperature can be evaluated from ths gen-
erel cooling-correlation equetion as
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The solutlions of the foregoing equa.tion are ‘shown graphically in
figure 10 for verious values of T, - ‘I'a/T - Ty. Figure 10 is

applicable to any temperature 'bha.'b may be used. to represent the head
temperaturs.

SUMMARY OF RESULTS

The results of tests to determlne the effect of carburetor
dry-alr temperature on the cooling characterlstics of a typicael air-
cocled engine cylinder indicate that the variation of mean effective
eas temperature with carburetor dry-alir temperature 1s Independent
of fuel-alr ratio over the o Investlgated., The mean effective
gas temperature varied about 1/2° F for the cylinder head end about
1/4° F for the cylinder barrel with each 1° F variation in carburetor
dry-alr temperature.

Alrcraft Englne Research Laboratory,
Natlional Advisory Commnittee for Aeronautics,
Cleveland, Ohio,
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